INTRODUCTION
IN this final paper of a series describing the pattern of genetic variation to be found in some subspecies populations of diploid Dactylis, the 9 x9 diallel cross previously described (Parker, 1968 a, b) is analysed for a series of panicle characters, some of which have been replicated within the plant to study the reliability of the genetic information provided by a single measurement.
MATERIALS AND METHODS
The same subspecies numbers as before are used in the tables and graphs 
(v) Lemma awn length, measured as (iv). (vi) Lemma apex notch depth, measured as (iv).
The first three panicles to emerge on each plant were measured separately and analysed as genotype replicates (i.e. intra-plant replicates) in order to estimate the extent of variation in gene expression due to environmental and developmental changes within the plant. The two characters, florets per spikelet and spikelet length, were similarly treated, using two genotype replicates. The extended Hayman's analysis of variance for these three characters is similar to that used by Broadhurst and Jinks (1966) . Analysis of the results summed over genotype replicates gives the variation within samples. For the main effects items to be significant, they must be significantly greater than all three interaction items, however as the block interactions were the largest in all cases, main effects were tested against these. The block and genotype replicate interactions were tested against the appropriate residual items in each case.
The variance (Vr) covariance (Wr) analysis developed by Jinks (1954) was also used in the genetic assessment of the populations. Both this analysis and the parental means were further analysed using the method proposed by Allard (1956) ; this method gives an assessment of the stability of three parameters, namely, additive effects, dominance effects and epistatic effects.
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The analysis of parental means tests for additive genetic effects; constancy of these additive components of variation can be detected by the parents x genotype replicates item, significance indicating interaction, and nonsignificance indicating constancy of expression in the different genotype replicates.
A good test for the constancy of additive components of variation being available from analysis of parental means, this component is minimised in the analysis of Wr and Vr by dividing them by the variance of the parents (Vp) occurring in the same block. This improves the prospects of detecting dominance x genotype replicate interactions by placing comparisons between them on similar scales. The W'r/ Wr graph is also used to detect the order of dominance of the parents, it is much less affected by genetic disturbances than the Wr/ Vr graph and virtually undisturbed by the level of inbreeding (Hayman, 1958) . The W'r/ Wr graph differs from the Wr/ Vr however, in that it is more obviously affected by asymmetry of gene distribution, and indicates this whether the genes are correlated or not (Hayman, 1958) .
However, as both graphs are disturbed by both these effects to some extent it is not always possible to separate the causes of the disturbance with complete precision. With gene symmetry the regression of W'r on Wr is a straight line of slope + 05, when gene asymmetry occurs, parents with common genotypes will fall above the line of slope +05, parents with different or relatively rare genotypes will fall below it. Both male and female points were put on the Wr/ Vr graphs when the Hayman's analysis indicated the presence of significant consistent reciprocal differences, but if the reciprocal regressions were not significantly different, the joint line was fitted. The environmental component of variation (E2) derived from the between blocks total interaction mean square from the Hayman's analysis of variance, and appropriately calculated for Wr and Vr (Jinks, 1954) was also obtained, but only in two characters was the non-heritable variation large enough to noticeably alter the level of dominance indicated by the uncorrected Wr/ Vr graph. In these graphs the corrected ordinates and abscissae are put in as broken lines.
RESULTS (i) Panicle length
The mean lengths of each genotype replicate are presented in table 1, and Hayman's analysis of variance in table 2. The block interactions are homogeneous (4) = 78; P = 0.3) so individual main items were tested against the common interaction item (Bt). There are large and highly significant additive genetic differences between the populations (item a) and some dominance variation (item b). All three components of dominance are significant (b1) indicating the presence of directional dominance (b2) gene asymmetry, and (b3) inconsistent dominance interactions. The items of both block and replicate interactions are all significant (apart from Reps x c), when tested against the items of the residual, the main replicates interaction is also significant. The replicates X a interaction stands out as being quite large, but this does not alter the significance of the main (a) item.
The Wr/ Vr graphs ( fig. 1) show that the array points of all three genotype replicates fall on the same line, analysis of variance showed no significant differences between the regressions so a common line is fitted (b = The most variable parents appear to be castellata (9), lusitanica (3) and santai (8), they are also the ones that change position most on the Wr/ Vr graph.
In the analysis of variance of Wr and Vr (table 3b) , only three mean squares are of interest; the significance of that for genotype replicates suggests The genotype replicates x dominance mean square is non-significant, indicating that the regression lines for the three measurements on the same plant occupy the same positions. These results suggest that both additive gene effects and dominance relationships among various parental populations were affected by intra-plant variability, however, the shifts in dominance that occurred among individual parental populations varied at random around the mean so that the mean level of dominance over all arrays was not altered.
(ii) Number offlorets per spikelet
The two genotype replicates were taken from different areas of the panicle, one from the lower part of a basal glomerulus, the other from the same area of a glomerulus taken from the centre of the head. were homogenous (x) = 39; P -07) therefore all items of the main effects were tested against the common interaction term (Bt). There is significant additive variation between the populations (item a), also significant dominance variation (item b). All the components of (b) are significant, the largest (b1), indicating the presence of directional dominance with lesser indications of gene asymmetry (b2) and inconsistent dominance interactions (b3). There is also a small (c) item suggesting the presence of some slight consistent reciprocal differences. All of the individual block interactions except for B x b1 were significant when tested against the residual items, however, none of the replicate interactions were significant, neither were the main block and main replicate interactions, although the latter is large. It appears from this analysis that variation between blocks is of greater importance than that Analysis of parental means (table 5a) shows that there are significant differences in the expression of additive genes between both replicates and blocks, with some interaction between them. The mean number of fiorets is different in the two replicates. The order of parental spikelet size is:
Large Small The data are presented in table 6, and Hayman's analysis of variance in table 2. Bartlett's test showed the block interactions to be homogeneous (x) = 525; P = 07), therefore all the main items were tested against the common block interaction (Bt). There is significance additive variation between the parental populations (item a), also significant dominance variation (item b). The largest component of (b) is (b1) indicating a directional dominance component, with some indications of gene asymmetry (b2), and inconsistent dominance interactions (b3), with this characte however, the more important genetic effects appear to be additive. The Wr/ Vr graph ( fig. 3) shows the combined regression line (b = 0960 0087; P = 0.001), which cuts the Wr axis positively, this indicates that dominance is incomplete. The lack of correlation between the parental means and (Wr + Vr) shows that this dominance must be ambi-directional. 
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The W'r/ Wr graph ( fig. 3 ) has a similar distribution of points and a regression (b = 0349±0'073; P = 0.001) which is significantly different from the theoretical line of + 05 (t7 = 0.01). This displacement of all the array points below the theoretical line suggests the occurrence of gene asymmetry. Analysis of parental means (table 7a) shows that the parental genes have different additive effects which differ between replicates, but there are no significant differences in the expression of dominance effects between replicates, although there is a parents x blocks interaction which is highly significant, indicating differences of additive gene effects over blocks. test shows the error mean square to be homogeneous (xi) = 45; P = 0.5), therefore all items were tested against the common error item (Bt). There are significant additive genetic differences between the parental populations (item a) also a significant dominance component (item b). The (c) item indicating the presence of consistent reciprocal differences is also significant. The size of the (a) item suggests however that most of the genetic variation is additive. 0041; P = 0.001) is significantly different from +05 (t(7) = 0.01).
(v) Awn length
The means are presented in table 10 and Hayman's analysis in table 11.
The error mean squares are homogenous (x) = 47; P = 0.5), therefore all items were tested against the common error (Bt). There is significant additive genetic variation between the populations (item a), also significant dominance variation (item b). All the components of (b) are significant, the largest (b1) indicating the presence of directional dominance, (b2) gene asymmetry, and (b3) inconsistent dominance interactions. There is also a small (c) item suggesting the presence of some consistent reciprocal effects. The Wr/ Vr graph ( fig. 5 ) shows no significant regression, both male and female points are scattered across the graph in a random manner, indicating that the disturbance is due to non-allelic interaction. The correction of the ordinate and abscissa for the environmental component (E2) reduces the level of dominance expressed only slightly. The W'r/ Wr graph which is relatively undisturbed by non-allelic interaction, shows a significant joint regression (b = 03l6 0108; P = 0.05), with the array points of castellata (9) and lusitanica (3) some distance below the theoretical line, suggesting that these two populations have genes not present in the other samples. The character is portrayed in figure 6 , means are presented in table 12, and Hayman's analysis in table 13. Each main item was tested against its own error mean square, as these were heterogeneous (X) = 394; P = 0.00 1). There is significant additive genetic variation between the parental populations (item a), also significant dominance variation (item b). Only two components of dominance are significant, those indicating gene asymmetry (b2) and inconsistent dominance interactions (b3). Item (d) is also significant, indicating the presence of inconsistent reciprocal differences. The Wr/ Vr graph ( fig. 7) shows a significant joint regression (b = 0956±01l8; P = 0.001), which cuts the axes at their intersection, this indicates full dominance for the character. There is no correlation between the parental means and (Wr + Vr) therefore dominance is ambi-directional.
Fio. 6.-Lemma, showing apex forms.
The population of subspecies sample santai (8) stands out as having the highest number of recessive genes, also the deepest apical lobe, the rest of the population points are concentrated toward the lower (dominant) end of the graph. The W'r/ Wr graph ( fig. 7) shows a similar distribution of points, the regression line (b = 02 18 P = 0.001) deviates significantly from the theoretical (t7 = 0.001), this is caused entirely by the population 400 P. F. PARKER sample of santai (8), which indicates that the population has a large number of genes not distributed throughout the other population samples considered. heads, caused by micro-environmental and developmental effects. This variability is reflected in the response of the progeny of these particular parents, which from their position on the Wr/ Vr graphs appear to be the populations containing the more heterozygous and recessive gene combinations, i.e. stability tends to be dominant as shown by Paxman (1956) and Broadhurst and Jinks (1966) . The presence of morphological variability did not however, alter the overall level of dominance in the arrays, only the relative expression of the proportion of dominant and recessive genes in the parents concerned, depending upon the panicle selected. The degree of dominance expressed is incomplete, and directional for short panicles. This is not a geographical trend, for although some northern populations do have longer panicles, this is only one aspect of floral adaptation to a cooler, damper, climate. The number of florets per spikelet also show differences due to different environmental effects and/or developmental variations occurring between the two genotype replicates, these differences are not very great in the parental populations, but assume more importance in the F1 progenies, particularly those of ibizensis (7) suggesting either a disturbed polygenic balance or a more rapid rate of differentiation for this character. The distribution of the array points of the two genotype replicates indicates that considerable non-allelic interaction, probably of the complementary type, is occurring, giving a pattern of spurious overdominance. Spikelet length shows no significant within plant differences of gene expression, and the pattern of inheritance is also much easier to interpret than that of the previous character. Dominance is incomplete and ambi-directional, indicating that, selection has presumably been favouring an intermediate optimum in each population, although it is possible that dominance could be in opposite directions in different populations giving an over-all picture of ambi-directional dominance when they are crossed.
In the characters discussed above, the stability of gene expression, i.e. the response to fluctuations of both the internal and external environment, varies between different populations. This physiological developmental threshold determining gene expression within the individual also differs with the characters concerned; in Dactylis therefore, as in Lycopersicum esculentum (Williams, 1960) and Xicotiana rustica (Paxman, 1956) , this variation is specific to individual characters in relation to particular environmental influences. Both the above authors showed that unrelated characters within a plant had unrelated stabilities; Paxman (1956) also showed that in Xicotiana, characters closely related developmentally (flower parts) did possess related stabilities. This is not so in Dactylis with regard to the two spikelet characters, for mean fioret numbers varies significantly, appearing to experience competition (probably due to density effects) depending upon position in the panicle, while mean spikelet size does not show this effect.
(ii) Inheritance pattern of correlated characters Table 14 shows the phenotypic correlations between the characters studied within the nine parental populations. There is a large and highly significant correlation between the number of florets and spikelet length in most populations, and weak correlations between spikelet length and lemma length, and the number of florets and lemma length in the populations of 2c 402 P. F. PARKER santai (8) and castellata (9). Whereas the Wr/ Vr graph for number of fiorets shows some form of non-allelic interaction, spikelet length shows incomplete dominance, however the scatter of points on the two graphs is similar, and the developmental association could be caused either by pleiotropism or linkage. If the latter is the case, then this linkage has been selected against in the population of partlziana (5) where there is no statistically significant relationship.
The pattern of inheritance for lemma length shows incomplete and ambidirectional dominance, with a large consistent difference between the reciprocals. The positive phenotypic correlation between lemma and awn length is present only in two-thirds of the populations used, and is apparently an ecological rather than a developmental relationship, as the populations lacking this correlation may have either very short or very long awns. 
